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效液相色谱进行进一步的分离，得到 6 个主峰，分别命名为 GA1、GA2、GA3、
GA4、GA5、GA6。 
采用MTT法分别测定了银杏酚、酸粗提物以及HPLC纯化后所得GA1、GA2、
GA3、GA4、GA5、GA6 对人肝癌细胞 SMMC-7721 的抑制作用。实验结果表明：
银杏酸类似物、GA1、GA3、GA6 对 SMMC-7721 有明显的抑制作用，而其中抑
制作用 强的是 GA3，其 IC50 为 13µg/mL，其次是 GA1，其 IC50 为 58µg/mL，
而 GA6 对人体外培养的 SMMC-7721 的抑制作用是 弱的。采用流式细胞仪比较
了银杏酸类似物中的有效成分 GA1、GA6、GA3 与顺铂（阳性对照）所导致的细
胞周期分布变化，发现 GA3 组分所引起的细胞凋亡率显著高于顺铂。进一步研
究了 GA3 对人肝癌细胞的抑制作用，发现 GA3 能有效抑制肝癌细胞的生长，并
能改变人肝癌 SMMC-7721 细胞形态学特征。 
为进一步研究GA3抑制癌细胞的分子机制，本研究还采用Annexin V-FITC/PI






















































Cancer is one of the most dangerous diseases of human being. In nowadays, it has 
the highest mortality in place of blood vessel disease in china and is worthy of the 
name of “the first killer”. But hepatocarcinoma is the second most ubiquitous 
malignance cancer, only inferior to gastric carcinoma, therefore it is called as “the 
second killer”, because of high mortality. Many researches were reported that the 
anticancer component from natural plant could combine with special regulation target 
during the course of growth, develop and malignance of cancer. Screening out those 
active substance have been the hotspot in the work of finding new effective anticancer 
medicament, and it is also one of the most important aspects in research of 
biomedicine in china now. Ginkgo biloba L. is most precious plant. Its leaves, fruit 
and outer seed capsule et al has many medicinal properties. It creates the 
unexceptionable economical, ecological, social benefits. Ginkgo outer seed capsule is 
the fleshy section outside of Ginkgo, including many medicine properties. Many 
researchers have reported the extraction from ginkgo outer seed capsule including 
ginkgo biloba seed polysaccharide, ginkgol, ginkgoic acid, ginkgol flavonoids, 
ginkgolide and so on. Recently, researchers discovers that ginkgol, ginkgoic acid have 
many properties which include anti-bacterial, anti-anxiety, stabilization activity, 
however the most significant activity is ginkgol, ginkgoic acid have anti-cancer 
properties. Therefore, it is extremely potential anti-cancer resource.   
In this study, in order to purify the active component from ginkgol analogy, 
ginkgoic acid analogy, the purification protocol was optimized at first. Then, on this 
base, we used a series of methods including fragmentation, organic precipitation, 
column chromatogram Sephadex G-25, then in order to obtain rare ginkgol, ginkgoic 
acid, using ether，Na2CO3, NaOH，HCl extraction. After HPLC, six peaks were 
obtained. We named them GA1, GA2, GA3, GA4, GA5 and GA6 respectively. 
The effect of rare ginkgol analogy, ginkgoic acid analogy, GA1, GA2, GA3, GA4, 
GA5 and GA6 on the hepatocarcinoma cell SMMC-7721 proliferation and the 















GA1, GA3 and GA6 is effective inhibition activity. In these three samples, the most 
effective sample is GA3, the IC50 is 13 µg/mL. The second one is GA1, the IC50 is 58 
µg/mL. GA6 is the weakest inhibition activity. Comparison the cell cycle treated by 
GA1, GA6, GA3 and cisplatin (positive control) was analyzed by flow cytometry. It 
was found that the SMMC-7721 cells grew slower than the control treated by all 
samples. However, only under GA3 treatment, the apoptosis rate was higher than 
positive control (cisplatin). Therefore, we further investigate the inhibition activity of 
GA3. We discovered that GA3 not only effectively inhibit the cell proliferation, but 
also it can change cell morphologic characteristics. 
Annexin V-FITC/PI technology was used to study the potential molecular 
mechanism of inhibitory effect of GA3 on the SMMC-7721. First, under GA3 and 
cisplatin treatment, apoptosis rate and necrosis rate were obtained and analyzed by 
using flow cytometry. We discovered that under same concentration and time, 
SMMC-7721 treated by cisplatin mostly generated late apoptosis and cell necrosis, 
however, GA3 mostly induces SMMC-7721 early apoptosis. In order to further 
confirmation, we apply fluorescence microscope to observe SMMC-7721 after the 
treatment of GA3. The result shows that when the concentration of GA3 is low, 
SMMC-7721 generated apoptosis, however, under the high concentration GA3, it 
induces SMMC-7721 necrosis. Therefore, GA3 has strong potential as effective 
anti-cancer drug under 10ug/mL. 




























多亿人口中平均每年死于恶性肿瘤者达 690 万人，新发病率约为 870 万例，1996
年全球癌症死亡的有 630 万人，约占总死亡率的 12%，其中近 60%死于肺癌、
胃癌、乳腺癌、结肠直肠癌、口腔癌、肝癌、宫颈癌以及食道癌，是仅次于心血
管疾病的第二大死因。为此，世界卫生组织把每年的 2 月 4 日定为世界抗癌日，
以联合全球共同攻克癌症[2]。我国的肿瘤发病率也是十分惊人的，根据卫生部
1973～1975 年及 1990～1992 年两次全国范围的死因调查结果显示，到二十世纪
九十年代，我国肿瘤发病率已上升为 0.127%，近 20 年的恶性肿瘤在死因中的构









之比大约为 3～4 ： 1 。肝癌的发病年龄一般在 30～60 岁之间。 肝癌多较隐
匿，早期一般多无临床症状，或仅有肝病的症状与体征，很难早期发现。一旦出
现典型的临床表现，如肝区疼痛，消瘦，黄疸或腹水等，通常已属于中晚期。故





























































而正规的化学治疗，则始于 20 世纪 40 年代[4]。1941 年人们用性激素成功治疗了
激素依赖型肿瘤，1945 年又将氮芥用于临床，此后化学治疗倍受重视并有了巨
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